Abstract. We calculate the homfly, Kauffman, Jones, Q, and Conway polynomials of 2-bridge knots through 22 crossings and list all the pairs sharing the same polynomial invariants.
Introduction
A simple question for polynomial invariants of knots is: "How many knots do they classify?" Concerning this problem, we made a computer experiment with 2-bridge knots, which are completely classified by Schubert [25] . We calculated the homfly, Kauffman, Jones, Q, and Conway polynomials of 2-bridge knots through 22 crossings, and searched all the pairs of 2-bridge knots having the same polynomial invariants. The total number of the knots is 350,207, where each chiral pair is counted as one knot. If a chiral pair is counted separately, then this amounts to 699,732. The program is written in Turbo Pascal for the NEC PC-9801 Series. In a sequel to this paper, we shall report on 2-bridge links.
The homfly polynomial P¿ € Z[v±x, z±x] [6, 23] of an oriented link L is defined, as in [20] , so that v~lPL+-vPL_ =zPLo, where (L+, L_, Lo) is a skein triple. Putting v = 1, we get the Conway polynomial V¿ e Z[z] [3] (substituting (v , z) = (1, tx/2 -t~x/2), we get the Alexander polynomial), and substituting (v, z) = (t, txl2 -t~xl2), we get the Jones polynomial VL € Z[t±xl2] [8] . These are skein invariants. We refer to [18] for the definitions of skein triple and skein equivalence. The Kauffman polynomial FL e Z[a±x, z±x] of an oriented link L is given by FL = a~wAD , where Ao is the L-polynomial of a diagram D of L and w is the writhe of D. We refer to [13] for the definitions of a writhe and the L-polynomial. Putting a = 1, we get the Q polynomial QL e Z[z±x] [1, 7] of an unoriented link \L\, and substituting (a, z) = (-f~3/4, t~1/4 + i1/4), we get the Jones polynomial If L is a 2-bridge knot or link, then we have (1) QL(z) = 2z-xVL(t)VL(rx) + l-2z-x, where z = -t -t~x [11] . Thus, if we know the Jones polynomial of a 2-bridge knot or link, we can deduce the Q polynomial. In an early computer calculation of the polynomial invariants of 2-bridge knots and links, we found many pairs of 2-bridge knots and links with the same Q polynomial but distinct Jones polynomial, except for a reflection such as right-and left-handed trefoils. This has been generalized to the following theorem in [12] In addition, we observe the following for 2-bridge knots through 22 crossings: Fact 3. The number of knots having the same homfly or Kauffman polynomial is at most two.
Regarding Fact 3, we can construct the following examples: (i) Arbitrarily many 2-bridge knots with the same Jones polynomial ([9,
Theorem 6]).
(ii) Arbitrarily many fibred, amphichiral, skein equivalent 2-bridge knots ([10, Theorem 1]). Note that (ii) above does not necessarily include (i) because the 2-bridge knots constructed in (i) may have distinct Conway polynomials. For the Kauffman polynomial we shall give an example similar to (i) in a forthcoming paper. 
Computational process
Step 1. Enumeration. We denote by C(ax, a2, ... , ak) the unoriented 4-plat (or the unoriented diagram according to the context) as shown in Figure 3 , where a is the 3-braid either S^S'"' ■ ■ ■ S;Uk or S^S~"2 ■ • -Sf according as k is even or odd.
An unoriented 2-bridge knot or link, or its mirror image, is uniquely represented as a 4-plat C(ax, a2, ... ,ak) satisfying the following conditions (3) and (4) See [2, Proposition 12.13] .
In order to enumerate all the 2-bridge knots and links of n crossings, we produce the sequences of integers axa2 ■ ■ ■ ak satisfying (3), (4) and (5) See [14, 22, 27] .
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Specifically, we construct a binary tree as follows:
Then choose the sequences of integers satisfying (3)- (5) from the (n -l)st row. Calculate the coprime positive integers p and q by the continued fraction ,,, p 1 1
The 2-fold covering space of 53 branched over C(ax, a2, ... , ak) is the lens space L(p, q) [3] . See also [24, p. 303] . C(ax, a2,... , ak) is a 2-bridge knot if and only if p is odd; p is the determinant of the 2-bridge knot C(ax ,a2, ... ,ak).
Take out the 2-bridge knots from the C(ax ,a2, ... , akys and order them as follows: C(ax ,a2,...,ak)^ C(dx ,a2, ... , a'¡) if either p < p' or p = p' and ax = a\, a2 = a'2, ... , fl,_i = fl¿_,, a¡ > a¡ for some i, where p and p' are the determinants of C(ax ,a2, ... ,ak) and C(a\, a'2, ... , a'¡), respectively. Since a 2-bridge knot is invertible (cf. [2, Proposition 12.5]), we are not concerned with the question of knot orientation.
Let Jt" denote the ordered set of the 2-bridge knots C(ax, a2, ... , ak) satisfying the conditions (3)-(5). Let W" = { C(-ax ,-a2, ... , -ak) \ C(ax ,a2,...,ak) eXi}-Then the union ^n* = Jff" \jJi" is the set of all the 2-bridge knots of n crossings, and the intersection stf Kn = 3ífn r\3£" is the set of all the amphichiral 2-bridge knots of n crossings. It is known [26] that C(fli, a2, ... , ak) with (3)- (5) is amphichiral if and only if k is even and a, = ak+x_¡ for all /. The numbers of these sets are explicitly given in [5] .
Step 2. Calculation of the polynomial invariants. Let K = C(ax ,a2, ... ,ak) e 3Fn* and p, q be obtained from (6) . If q is odd (resp. even), then let (r, s) = (q-p, q) (resp. (q, q-p) ). Then K is the 2-bridge knot with Schubert's normal form S(p, s). The classification theorem states that S(px, qx) and S(p2, q2) are isotopic if and only if px = p2, qfx = q2 (mod px ). Also, K is isotopic to D(bx ,b2, ... ,bm), where the ¿>, are obtained from the continued fraction r~^x^2b2 + ... + 2bm Compute P(b\, b2, ... ,bm) and F(bx, b2, ... ,bm) using Propositions 1 and 4. Next compute V(bx ,b2, ... ,bm), V(bx, b2, ... , bm), and Q(bx ,b2, ... ,bm) by the substitutions as in the introduction. Note that P=(v , z) = Pk(v~x , z), FT(a,z) = FK(a~x,z), Vr(z) = VK(z), V¿t) = VK(rx), and ßz(z) = QK(z), where K = C(-ax ,-a2, ... , -ak) e Jf".
Step 3. Comparison of the polynomial invariants. We have searched for all pairs of 2-bridge knots through 22 crossings having the same polynomial invariant. We first considered the Q polynomial. Let K be as in Step 2. Since the crossing number n of K equals the degree of Qk(z) plus one [15, 19] and Qk(2) = p2 [1] , we sought pairs having the same Q polynomial in the set 3P",P = {K e 3£" | the determinant of K is p } for each n and p . Let Kx and K2 be such a pair in Jfn>p . We sought pairs having the same Jones polynomial in Kx, K2, Kx, K2. To do so, we compared the four pairs: {VK{(t), VK2(t)} , {vKxit), vKl(rx)), {vKx(t), vKi(rx)}, {vKl(t), vKl(rx)}. If K¡, i = 1,2, is amphichiral, we did not compare {VKj(t), VK.(t ')} and {VKl(t), VKl(t x)}. When we found an equal pair, we examined their Kauffman and homfly polynomials. In addition, we compared { V*-, (z), V*-2(z)} if Kx and K2 had the same genus.
Computational results
Combining Facts 1 and 2 in the introduction and Table 1 , we know all the pairs sharing the same polynomial invariants.
In Table 1 in the Supplement section at the end of this issue, the three numbers "p q, r " represent the pair of the 2-bridge knots { S(p , q), S(p , r) } in Schubert's notation. If there is no mark, {S(p, ±q), S(p, ±r) } share the same Q polynomial. If there is a mark "V" (resp. "P", "F", "PF"), the pair {S(p, q), S(p, r) } shares the Jones (resp. homfly, Kauffman, homfly and Kauffman) polynomial. If S(p, q) is not amphichiral, { S(p, -q), S(p, -r)} is also such a pair. If there is a mark "C", this pair shares the same Conway and Q polynomials. Note that we do not list the pair sharing only the same Conway polynomial. The mark "a" indicates that the knots are amphichiral. In this  table, we have In Table 2 , for the «-crossing 2-bridge knots, we list the numbers of 3P", 3ff"* and the pairs listed in Table 1 . From this table, we obtain Figure 4 , which presents what proportion of the 2-bridge knots fail to be determined by the homfly and Kauffman polynomials. 
